A 70-year-old woman with a history of hypertension, pulmonary hypertension, and transient ischemic attack was referred for transcatheter closure of a patent foramen ovale (PFO). The patient complained of dyspnea on exertion but showed no other signs of heart failure. A previous transthoracic echocardiogram had documented normal left ventricular size and function, continuous left-to-right shunting across the PFO, right ventricular enlargement, severe pulmonary hypertension, and a Qp:Qs ratio of 1.4:1 calculated by Doppler echocardiography. The patient was brought into the procedure room to undergo catheter-based closure of the PFO. Transesophageal echocardiography was performed throughout the procedure and confirmed the presence of a characteristic PFO with left-to-right shunting across the space between the septum primum and secundum ( Figure 1 ).
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Venous access was obtained through a right femoral sheath, and a wire was advanced across the PFO into the left atrium with use of a multipurpose catheter. Hemodynamic measurements revealed mean right and left atrial pressures of 12 and 14 mm Hg, respectively. The patient's history along with these increased atrial pressures in the context of what appeared to be a hemodynamically significant PFO prompted further evaluation. After exchange, a sizing balloon was placed across the PFO and inflated. On inflation of the balloon and obliteration of most of the PFO area, a high-velocity jet was noted on color Doppler of the partially occluded PFO ( Figure 2 ). Spectral Doppler interrogation of the jet revealed an increase in the mean interatrial gradient from 2 mm Hg before balloon inflation to 10 mm Hg after inflation ( Figure 3 ). Because of concern for increased left atrial pressure after PFO occlusion, a second venous sheath was introduced, and a multipurpose catheter was placed across the PFO adjacent to the sizing balloon to directly measure left atrial pressures with balloon occlusion (Figure 4 ). Mean left atrial pressure increased from 14 to 21 mm Hg with V-waves as high as 45 mm Hg. These pressures were evaluated in the context of a patient under sedation, suggesting even higher pressures with awakening or exercise. Therefore, the procedure was aborted to avoid worsening the patient's dyspnea on exertion or provoking frank pulmonary edema.
Discussion
Transcatheter closure of PFO has become increasingly common in the treatment of a variety of conditions, including cryptogenic stroke and migraine headaches. 1 PFO closure usually has no hemodynamic consequences. On the other hand, acute increases in left atrial pressure leading to pulmonary edema have been described with both transcatheter and surgical closure of large atrial septal defects. 2, 3 In such cases, the atrial septal defect acts as a pressure overflow by allowing enhanced left-to-right shunt- ing to decompress the left atrium in response to increased pressures. Such observations have led to recommendations to assess for the development of restrictive left ventricular physiology with temporary balloon occlusion of atrial septal defects before transcatheter closure, particularly in elderly patients. 2, 4 To date, left atrial hypertension has not been described as a complication of catheter-based closure of a PFO. In the case reported here, it is suggested that the relatively small shunt through the PFO was still decompressing the left atrium, and with its occlusion, the left ventricular filling pressure and left atrial pressure increased significantly. The use of intraprocedural transesophageal echocardiography in this case identified an acute rise in the interatrial pressure gradient across the PFO and prompted direct catheter measurement of left atrial pressure. As transesophageal echocardiography is now being used more frequently to guide catheter-based atrial septal defect/PFO closure procedures, Doppler interrogation of any hemodynamically significant PFO should be performed to assess for acute changes in left atrial pressures and to rule out masked left ventricular restriction, similar to the current practice with transcatheter atrial septal defect closure.
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